The objective of this study was to evaluate the efficacy of a blanket systemic preventive treatment (PT) of cows having retained fetal membranes (RFM) with 1 mg/ kg of ceftiofur administered the first day after calving regardless of their body temperature. This strategy was compared with a selective treatment (ST) strategy in which only cows having RFM and a rectal temperature ≥39.5°C within 10 d postpartum received ceftiofur. Cows that retained their fetal membranes for at least 24 h after calving were allocated to 2 groups. Rectal temperature was measured daily for 10 d postpartum. Sixty PT cows having RFM received a daily ceftiofur (1 mg/kg of body weight) treatment, administered subcutaneously during the first 3 d after diagnosis of RFM. If rectal temperature was ≥39.5°C after 3 daily treatments, cows received ceftiofur for 2 more days. Therapy in 53 ST cows was based on selective administration of ceftiofur to cows having fever during the first 10 d postpartum. Treatment was conducted for 3 to 5 consecutive days as described for PT cows, beginning on the first day of fever. In both groups, manual removal of the placenta was not attempted and antibiotic drugs were not administered into the uterus. For every cow having RFM enrolled in PT or ST, 1 cow without RFM that had calved on the same day was enrolled in a healthy control group (n = 113). All cows received two 25-mg doses of PGF 2α : 1 dose between 18 and 24 d and 1 dose between 32 and 38 d postpartum. The PT did not reduce the proportion of cows experiencing fever during 10 d postpartum compared with ST cows (71.7 vs. 69.8%). Results were compared using logistic regression models and survival analyses. The artificial insemination submission rate between 42 and 62 d postpartum was greater in PT (41.2 vs. 20.8 vs. 24.5%), but total conception rate was less in ST and control cows, respectively (25.0 vs. 38.9 vs. 36.2%) 
INTRODUCTION
Retained fetal membranes (RFM) in dairy cows is defined as the failure to expel the fetal membranes by 12 to 24 h after calving (Fourichon et al., 2000) . Average incidence of RFM ranges from 3 to 12% of normal calvings (Paisley et al., 1986; Esslemont and Kossaibati, 1996; Eiler, 1997) . A meta-analysis of publications on reproductive disorders by Fourichon et al. (2000) revealed a negative impact of RFM on reproductive performance during the current lactation. Frequent occurrence of metritis after RFM was identified as the main reason for reduced fertility of cows having RFM Gröhn and Rajala-Schultz, 2000) . Postpartum metritis can be characterized by pyrexia up to 10 d postpartum with a fetid, purulent vulvar discharge, often associated with delayed involution of the uterus (Sheldon and Dobson, 2004) . Between 35 and 95% of cows with RFM have an elevated temperature (Stevens et al. 1995; Overton et al., 2003; Drillich et al., 2003 Drillich et al., , 2006 .
In Europe (Laven, 1995) , and to some extent in the United States and Canada, a common treatment of RFM in veterinary practice is based on the manual removal of the placenta and local antibiotic therapy . Convincing evidence, however, exists for a systemic antibiotic treatment with ceftiofur as an efficacious treatment of RFM (Drillich et al., 2003; Risco and Hernandez, 2003) without manual removal of RFM (Bolinder et al., 1988) or intrauterine administration of antibiotics (Drillich et al., 2006) . Elevated body temperature was a criterion for the administration of systemic antibiotics in numerous studies on metritis (Smith et al., 1998; Drillich et al., 2001; Chenault et al., 2004) or RFM (Stevens et al., 1995; Drillich et al., 2003 Drillich et al., , 2005 Drillich et al., , 2006 Overton et al., 2003; Risco and Hernandez, 2003) . Because of the potentially lifethreatening character of acute metritis (Eiler, 1997) , it is a questionable practice to leave feverish RFM cows untreated. Efficacy of a treatment of acute metritis, often associated with RFM, with a systemic administration of penicillin, oxytetracycline, or ceftiofur has been demonstrated (Smith et al., 1998; Drillich et al., 2001; Chenault et al., 2004) . A significant decrease in rectal temperature after treatment with 1 mg/kg of ceftiofur has been demonstrated compared with untreated postpartum feverish cows (Zhou et al., 2001 ). Risco and Hernandez (2003) demonstrated that the administration of 2.2 mg/kg of ceftiofur to cows having RFM for 5 d after calving reduced the risk for metritis. Subcutaneous administration of 1 mg of ceftiofur/kg of BW produced concentrations of ceftiofur derivates in uterine tissues (Okker et al., 2002) that exceeded the reported minimum inhibitory concentrations for intrauterine Escherichia coli, Fusobacterium necrophorum, and Arcanobacterium pyogenes (Sheldon et al., 2004a) .
The objective of our study was to test whether a preventive treatment of cows having RFM with ceftiofur beginning on d 1 after calving, regardless of an elevated body temperature, would reduce occurrence of fever and improve reproductive performance of cows compared with a selective treatment of RFM cows with ceftiofur only in the case of fever. Furthermore, the hypothesis was tested that a preventive treatment would result in reproductive performance that does not differ from that of control cows without RFM.
MATERIALS AND METHODS
The study was conducted between June 2002 and November 2003 on a commercial dairy farm in Germany. The participating farmer and the local veterinarian were informed about all relevant characteristics of the study and agreed with the study design. A total of 1,150 cows were housed in freestall barns with sand bedding. One week before expected calving, cows were moved into a freestall barn with straw bedding. Herd average milk yield was 10,700 kg per lactation (4.0% fat, 3.6% protein). Cows were fed a TMR consisting of corn silage, grass silage, hay, and concentrates. The voluntary waiting period (VWP) was set at 42 d postpartum. Cows observed in estrus were inseminated artificially. Pregnancy diagnosis was performed by ultrasound between 32 and 38 d after AI. Cows not inseminated by 83 d postpartum or identified as not pregnant were treated with the Ovsynch protocol (Pursley et al., 1997) .
Cows that retained their fetal membranes for at least 24 h after calving were included in the study. Cows having a caesarean section and those identified to be culled (not to be inseminated) after calving were not enrolled. All cows that received antiinflammatory or systemic antibiotic drugs during 10 d postpartum for purposes unrelated to the study (e.g., acute mastitis) were excluded retrospectively from the trial. During the first 10 d postpartum, rectal body temperature was measured daily in all RFM cows. A body temperature ≥39.5°C was regarded as a fever.
Cows with RFM were assigned to receive 1 of 2 treatments according to their ear tag identification. Cows with uneven ear tag numbers were enrolled in the preventive treatment (PT) group, and cows with even ear tag numbers were enrolled in the selective treatment (ST) group. All PT cows received the systemic antibiotic treatment of 1 mg/kg of ceftiofur (Excenel RTU, Pfizer Animal Health, Karlsruhe, Germany), administered subcutaneously on the day of enrollment (d 1). The treatment was repeated once daily for 3 consecutive days. Cows with fever on d 4 received 1 mg/kg of ceftiofur for an additional 2 d. In the case of fever after 5 d of treatment with ceftiofur, cows received an escape therapy (i.e., a different systemic antibiotic chosen by the local veterinarian). The ST cows were administered ceftiofur only when feverish during 10 d postpartum. Treatment was conducted for 3 to 5 consecutive days as described for PT cows, beginning on the first day of fever. In both groups of treated cows, fetal membranes were not removed manually and antibiotics were not administered in the uterus. Considering the potentially life-threatening character of toxic puerperal metritis following RFM (Eiler, 1997) , an untreated control group was not included. After enrollment of a cow into PT or ST, the next cow to calve without RFM was enrolled into a healthy control group.
In Europe, ceftiofur is approved for acute postpartum metritis during the first 10 d postpartum at a dosage of 1 mg/kg of BW. However, in the United States, ceftiofur is approved for a dosage of 2.2 mg/kg of BW. Administration of 1 mg/kg of ceftiofur in RFM cows would be considered an extra-label use in the United States.
All cows were treated with 25 mg of PGF 2α intramuscularly (Dinolytic, Pfizer Animal Health) between 18 and 24 d postpartum and again between 32 and 38 d postpartum to support the involution of the uterus. This was a standard operating procedure established on this dairy farm for many years.
All treatments were documented on case report forms, which remained on farm to ensure that all cows received the correct treatments each day. At the end of the study, case report forms were checked for compliance and plausibility of the data. Cows with incomplete treatments or other deviations from the treatment protocol were retrospectively deleted from the study. Cows were monitored daily and data were documented for a period of 200 d postpartum. Reproductive performance was characterized by AI submission rate during 42 to 62 d postpartum (number of cows inseminated between 42 and 62 d divided by number of cows exceeding the VWP × 100), AI submission rate between 63 and 83 d (number of cows inseminated between 63 and 83 d divided by number of cows exceeding the VWP, but not inseminated × 100), days to first AI, days to pregnancy, first AI conception rate, total conception rate (number of cows pregnant divided by total number of inseminations × 100), cows pregnant, and cows culled. Cows not pregnant by 200 DIM were regarded as open, even if they remained in the herd and conceived later in lactation.
Statistical Analyses
Data were analyzed using SPSS for Windows (Version 12.0, SPSS Inc., Munich, Germany). Proportions of cows with fever at the day of enrollment, during 10 d postpartum, and after 3-and 5-d treatments, respectively, were compared between treatments (PT vs. ST) by using χ 2 analyses. Binary logistic regression models were calculated for the risks of the first insemination within 21 d after the end of VWP (AI submission rate 42 to 62 d), conception after first AI (first AI conception rate), and conception after all inseminations (total conception rate) as outcome variables. Survival analyses for days to first AI, days to pregnancy, and days to culling were performed by using Cox regression, censoring cows that were not inseminated, not pregnant, and not culled, respectively. For logistic regression models as well as for survival analyses, treatment (PT, ST, and control) and parity (multiparous vs. primiparous) were included as covariates. Adjusted odds ratios, hazard ratios, confidence intervals, and P-values are reported. To test the hypotheses in this study, PT was chosen as the reference group for all logistic regression models and survival analyses. For logistic regression as well as for survival analyses, the confidence interval was set at 95% and level of significance at α = 0.05.
RESULTS
Incidence of RFM during the study period was 8.7%. One hundred thirty-five RFM cows were enrolled in the study. Of those, 9 cows with clinical ketosis (6 PT and 3 ST cows) were removed because of treatments with dexamethasone; 9 cows (6 PT and 3 ST cows) because they received ceftiofur not in accordance with the treatment protocol; 3 cows (2 PT and 1 ST cow) because they had a fever and did not receive ceftiofur; and 1 PT cow was removed because of a systemic antibiotic treatment after surgery for displaced abomasum. After exclusion of these cows, 113 RFM cows (60 PT and 53 ST) and 113 control cows without RFM were eligible for evalua- Clinical traits in PT and ST cows during the first 10 d postpartum are presented in Table 1 . Proportion of cows having a fever during 10 d postpartum was 71.7 and 69.8% in PT and ST, respectively. Proportion of cows with a fever after 3 d of treatment was 38.3% in PT and 43.2% in ST. An escape therapy because of fever after 5 daily treatments was administered in 2 cases per group. None of the outcomes differed between treatments in Table 1 . Seasonal effects (winter, spring, summer, and autumn) on the occurrence of fever were tested, but did not differ among seasons.
Descriptive reproductive performance results are given in Table 2 . Results of logistic regression models are shown in Table 3 . A reduced (P < 0.05) risk of insemination by 21 d after the end of the VWP was evident for ST and control cows compared with PT cows. The AI submission rates increased in the subsequent service interval (AI submission rate from 63 to 83 d), but did not differ between treatments. First AI conception rate was not affected by group, whereas total conception rate was greater (P < 0.05) in ST and controls, respectively, compared with PT. Survival analyses revealed no significant effects of treatment on days to first AI, days to pregnancy, and days to culling, respectively (Table 4) . Primiparous cows were inseminated later and conceived later than multiparous cows (P < 0.05).
Possible interactions of treatment and the duration of fever on reproductive performance measures were tested, but were not significant.
DISCUSSION
This study was conducted to test the hypothesis that a preventive treatment of all RFM cows with ceftiofur (1 mg/kg of BW) at d 1 after calving would reduce occurrence of fever and improve reproductive performance compared with selective treatment of cows once fever was detected during the first 10 d postpartum. Furthermore, the hypothesis was tested that a preventive treatment would produce reproductive performance comparable with control cows without RFM.
Retained fetal membranes is often associated with postpartum metritis (Correa et al., 1993; Eiler, 1997; Drillich et al., 2003) . Postpartum metritis is characterized by an elevated body temperature, fetid purulent vulvar discharge, often associated with delayed uterine involution (Sheldon and Dobson, 2004) . Although presence of a fever alone is not sufficient for the diagnosis of metritis, elevated rectal temperature was a criterion for administration of systemic antibiotics in numerous studies involving acute, toxic metritis and RFM (Ste- Subcutaneous administration of 1 mg of ceftiofur/kg of BW once daily for 3 consecutive days. When fever was present after 3 d, treatment was continued for 2 more days. 3 An escape therapy was administered to cows having fever after 5 daily treatments with ceftiofur consisted of 3 other antibiotic treatments. vens et al., 1995; Dinsmore et al., 1996; Smith et al., 1998; Kristula et al., 2001; Zhou et al., 2001; Drillich et al., 2001 Drillich et al., , 2003 Risco and Hernandez, 2003; Chenault et al., 2004) . Quality of discharge and the size of the early postpartum uterus are difficult to quantify objectively. Therefore, a rectal temperature ≥39.5°C, not the diagnosis of acute metritis, was chosen as the criterion to evaluate clinical efficacy of treatment protocols. Body temperature that can be regarded as fever varies from 39.2°C (Smith et al., 1998) to 39.5°C (Stevens et al., 1995; Drillich et al., 2001 Drillich et al., , 2003 Risco and Hernandez, 2003; Chenault et al., 2004) and 39.7°C (Dinsmore et al., 1996; Overton et al., 2003; Sheldon et al., 2004b) .
Clinical traits tested (e.g., proportion of cows having a fever within 10 d postpartum, proportion of feverish cows after 3 or 5 daily treatments, and time of shedding of the fetal membranes) were not affected by PT compared with ST. Prevalence of fever at enrollment and during 10 d postpartum was consistent with data from a field trial conducted on 5 dairy farms including 501 RFM cows (Drillich et al., 2006) . In that study, we found the proportion of feverish cows at d 1 to be between 24 and 32%. In 4 different treatments, the proportions increased up to between 71.5 and 85.5% by 10 d postpartum. In a retrospective study (Kristula et al., 2001) , the prevalence of fever (>39.2°C) in RFM cows was 93%. The average first day of fever was d 3 postpartum. In contrast, in a study with 70 RFM cows on one farm (Drillich et al., 2003) , we found that 77.1% of the cows had a fever at d 1 after calving. Stevens et al. (1995) No. of cows that conceived after first AI. reported that 14% of RFM cows treated initially with oxytetracycline had rectal temperature that exceeded 39.5°C during the postpartum period, whereas 26% of untreated cows had a fever. Unfortunately, incidence of fever in the control cows was not monitored. Periparturient hygienic conditions might help to explain the differences in these studies.
Surprisingly, in the current study, the proportion of feverish cows was not reduced by preventive antibiotic treatment. This is in contrast to findings by Risco and Hernandez (2003) who described that 13% of RFM cows developed metritis (fever and fetid discharge) after a preventive treatment with ceftiofur compared with 42% of untreated cows. One explanation for the high proportion of PT cows having a fever might be the dosage of 1 mg of ceftiofur/kg of BW used; Risco and Hernandez Chenault et al. (2004) found the administration of 2.2 mg/kg to be more efficacious for the treatment of acute metritis than a dosage of 1.1 mg/kg. In another study with cows having fever (≥39.5°C) after calving, the proportion of cows with fever decreased by 10 d after administration of 1 mg of ceftiofur/kg of BW compared with untreated cows. Cows with additional vaginal discharge at enrollment benefited more from antibiotic treatment than did cows without discharge (Zhou et al., 2001) .
It is unknown whether fever in PT cows was caused by bacterial resistance to ceftiofur, by toxins released from bacteria, or from necrotic tissue in the uterine lumen. Sheldon et al. (2004b) found a significant correlation between the presence of pathogenic bacteria (A. pyogenes, E. coli, F. necrophorum, Prevotella spp.) in the uterine lumen and a rectal temperature of 39.7°C or greater. It has been demonstrated that the administration of 1 mg of ceftiofur/kg of BW resulted in concentrations of ceftiofur in uterine tissues that exceed the minimum inhibitory concentrations for bacteria causing uterine infections (Okker et al., 2002) . The previous study included only 4 healthy cows.
Decrease in the proportion of ST cows having fever after 3 (43.2%) or 5 (5.4%) daily treatments indicated that a 5-d treatment with ceftiofur is sufficient. By design it was not possible to distinguish between prophylactic and therapeutic effects of the PT. Smith et al. (1998) as well as Chenault et al. (2004) administered systemic antibiotics for 5 consecutive days. In the study by Smith et al. (1998) , rectal temperature of cows with toxic puerperal metritis decreased from ≥39.7 to <39.3°C after 3 d of treatment with 2.2 mg of ceftiofur/ kg of BW, 22,000 IU of procaine penicillin G/kg of BW, or a combination of procaine penicillin G with intrauterine infusions with 6 g of oxytetracycline. Chenault et al. (2004) reported a decrease in rectal temperature after 5 d of treatment with 1.1 and 2.2 mg of ceftiofur/kg of BW compared with saline-treated controls.
Retained fetal membranes (often associated with acute metritis) is followed by reduced fertility Eiler, 1997; Gröhn and RajalaSchultz, 2000) . Consequently, it is not sufficient to evaluate the efficacy of a treatment of RFM only by clinical symptoms; reproductive performance in the current lactation must also be considered. A greater AI submission rate in PT cows might indicate that more cows resumed cyclicity sooner after calving or were able to express more pronounced signs of estrus. An epidemiological study by Opsomer et al. (2000) demonstrated that only 51% of high-yielding dairy cows had regular estrous cycles before d 50 postpartum. Cows with RFM in that study tended to be at risk for delayed resumption of ovarian activity. An increased AI submission rate in the following service interval (AI submission rate 63 to 83 d) in all cows supports this hypothesis and might explain that time to first AI was not affected by treatment.
Numerically, risk of conception to first service was least in PT cows. Hillers et al. (1984) found poorer firstservice conception rates for cows inseminated before 50 DIM (32%) than for cows inseminated after 50 DIM (49 to 57%). Influence of VWP on conception rates was confirmed by Tenhagen et al. (2004) service and conception rates in all treatments. The number of cows tested in our experiment, however, was insufficient to test this hypothesis.
Differences in conception rates might be caused by irritating effects of antibiotics on the endometrium as described for a local antibiotic treatment (Paisley et al., 1986; Peters and Laven, 1996) . In light of numerous large-scale field studies on the treatment of acute metritis and RFM with ceftiofur (Smith et al., 1998; Drillich et al., 2001 Drillich et al., , 2003 Zhou et al., 2001; Risco and Hernandez, 2003; Chenault et al., 2004) , a detrimental effect of a subcutaneous administration of ceftiofur on fertility seems to be very unlikely.
The negative impact of RFM on reproductive performance has been demonstrated Fourichon et al., 2000; Gröhn and Rajala-Schultz, 2000) . An optimal therapy would lead to a similar reproductive performance of affected and unaffected cows or at least mitigate the effect of RFM or fever on reproductive performance. Significantly greater total conception rates in control cows revealed that the PT strategy did not result in reproductive performance similar to cows without RFM. In most prospectively controlled studies on treatment of RFM, the number of cows was limited because of the low prevalence of the condition and limited resources. Group sizes of relevant studies by other authors range from 31 (Risco and Hernandez, 2003) to 53 and 58 cows (Stevens et al., 1995; Overton et al., 2003) and are comparable to the enrollment of the present study. Despite the limited statistical power, these studies provide valuable information about the treatment of RFM in dairy cows. Without a significant positive effect on health or productivity the blanket use of antimicrobials cannot be justified.
CONCLUSIONS
In this trial, a preventive systemic administration of 1 mg of ceftiofur/kg of BW to each cow with RFM at d 1 after calving, regardless of rectal temperature, was not superior to a strategy based on a selective antibiotic treatment of RFM cows only in case of fever during 10 d postpartum. The PT failed to reduce occurrence of fever over the first 10 d postpartum. Whereas AI submission rate within 42 to 62 d postpartum was greater for cows that received the PT, total conception rate was less in this treatment than when cows were treated only in case of fever (ST). Greater total conception rates in control cows revealed that the preventive antibiotic treatment did not result in reproductive performance similar to cows without RFM.
